It has been reported that elongated Au nanoparticles oriented parallel to one another can be synthesized in SiO 2 by ion irradiation. Our aim was to elucidate the mechanism of this elongation. We prepared Au and Ag nanoparticles with a diameter of 20 nm in an SiO 2 matrix. 
Introduction
Well-defined Au nanoparticles and nanorods are desirable for their optical properties. The size and shape of nanocrystals affect the position of the plasmon bands, which in turn have been widely used in surface enhanced spectroscopy that includes both Raman and fluorescence. Gold nanoparticles or nanorods can be deposited randomly on a substrate, [1] but it is difficult to synthesize Au nanorods that are oriented parallel to each other and perpendicular to the substrate. [2] , [3] The goal of the experiment from the viewpoint of hal-00204949, version 2 -22 Jul 2008 application to nanophotonics was to reveal new optical properties of Au nanorods. We also aimed to resolve the interesting phenomenon of elongation of Au nanoparticles in SiO 2 . To theoretically understand the mechanism of elongation, we employed the thermal spike model, [4] since it explains many phenomena caused by ion bombardment. However, several problems with thermal spike models have been pointed out. [5] For example, temperature changes in the order of femto-seconds cannot be defined. It is also impossible to ignore the pressure dependence of the different physical parameters of the lattice. Such questions remain controversial, so we will not focus on these matters in the present report.
Experimental procedures
A thermally oxidized silicon wafer was prepared as the SiO 2 substrate. The thickness of the SiO 2 layer on the silicon was 2 µm. Five-nm-thick Au or Ag films were deposited on the substrate by evaporation of high-purity Au or Ag grains. After deposition, both the thin Au and Ag films were heated at 300 ˚C for 10 min to form nanoparticles. The nanoparticles were then embedded in an SiO 2 layer deposited by radio frequency magnetron sputtering of a silica The temperature evolutions of the particles when irradiated by swift heavy ions are simulated using the thermal spike model [4, 7, 8] . We extended this model to include two materials to accommodate the current particle case. First, the swift ion deposits its energy in the electron subsystem according to the radial distribution given by the Katz model [9] . The hot electrons then diffuse their energy by means of electron-electron scattering and electronphonon coupling. To simulate this heat-diffusing process numerically, we need to know all the thermal parameters. For the electron subsystems' specific heats and thermal conductivities, we assumed constant values for the insulator SiO 2 as given in [4] and temperature-dependent
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values for the metal Au and Ag as in [8] . For the lattice subsystems, we used the thermodynamic parameters of bulk materials as an approximation. SiO 2 's specific heat is fitted to the data given by [10, 11] , and the specific heats of Au and Ag are from [12] . Their thermal conductivities are from the data recommended in Touloukian's handbook [13] . In addition, the electron-lattice coupling parameter of SiO 2 is derived from the experimentally fitted mean energy diffusion length λ given by [4] . The coupling parameter of silver is given theoretically by the quasi-free electron gas model [8] .
Results and discussion
We only then coupled to the silica matrix. The electrons along the ion's path respond instantaneously to the penetrating ion, resulting in a rise in electronic temperature. These hot electrons within Au then diffuse their energy rapidly to electrons in the surrounding silica and cause their temperature to be raised correspondingly. Because the electron-lattice coupling constant of silica is greater than that of Au although its conductivity is smaller, we observed in the simulation that the silica lattice temperature increases ahead of the inner Au particle, and thus will feed the heat back to the particle by phonon-phonon interactions.
In the experiment, however, Au nanoparticles 10 nm in radius are elongated by irradiation from the experimental results as depicted in Figure 1 
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Summary
In the present study, we found that the elongation of Au nanoparticles embedded in SiO 2 was influenced by ion flux and SiO 2 thickness. Silver nanoparticles are elongated and split into two or more under irradiation. We concluded that the elongation mechanisms must consist of combination of the particle creep under the effect of the matrix hammering, thermal spike, mechanical effects driven by stresses around the ion tracks. 
